Recently it has been suggested that the electroweak symmetry is broken by a top quark vacuum condensate. In that model, the prediction for the 3-top quark mass seems to be in conflict with indirect experimental upper bounds.
Introduction
The mass of the top quark is now known to be at least 89 GeV from direct searches at CDF. This means that the Yukawa coupling of the top quark to the Higgs boson is at least about 15 times as strong as the bottom quark Yukawa coupling, and of course dwarfs the other standard model Yukawa couplings by even greater margins. Because of this relatively strong coupling of the top quark to the Higgs, it is natural to consider the possibility that the top quark plays an essential and unique role in breaking the electroweak symmetry by some dynamical mechanism.
In this spirit, a number of authors [I-4] have proposed that the electroweak symmetry is broken, not by a fundamental Higgs scalar, but by a top quark vacuum condensate (tr> _-0. In this "top bootstrap" model, the top quark condensate is supposed to be induced by a four-fermion interaction introduced at a scale A which must be taken to be larger than the electroweak scale.
At scales far below A, the effective action in the top condensate model should be just the same as in the standard model, but the Higgs scalar is now a composite particle. Bardeen :_| One possibility is that there is a fourth generation of fermions which have a mass greater than the top. This seems a bit ad hoc, since it abandons the original motivation based on the strength of the top quark coupling to the Higgs. Furthermore, one must be careful to avoid violating the experimental limit of three neutrino species lighter than MZ/2 given us by LEP and SLC. Neverthless, it has been shown [9] that such a model is viable; the fermion condensates induce a composite Majoron as well as a composite Higgs, and the fourth generation neutrino can naturally acquire a large mass. Other possible variations on the original top condensate model have appeared in refs. [10] [11] [12] [13] [14] .
In this paper, we will investigate instead the possibility that the electroweak symmetry is broken by a combination of top quark and neutrino condensates in a three generation model. In addition to the usual quarks and leptons of the standard model, we suppose that there are right-handed neutrinos Ne,_,r for each generation. These are taken to be singlets under the standard model gauge group SU(2)c x SU (2) x U(1)y. We wish to explore the idea that the third generation right handed neutrino has a Yukawa coupling YN to the Higgs and the usual left-handed third generation lepton doublet L = (vr r) whose strength is just comparable to that of top quark Yukawa coupling yr. We further suppose that there is an appropriate set of four-fermi interactions at some large scale A which will produce condensates (_t) # 0 and (_N) # 0. The electroweak symmetry is then spontaneously broken by both condensates, with the top quark obtaining a smaller mass than in the original top condensate model, as we shall see.
In order for the third generation neutrino to be effective in lowering the top mass, its
Yukawa coupling must endow it with a Dirac mass on the order of 100 GeV or so. This is not a disaster, however, because it is natural to assume that the see-saw mechanism [15] will determine the neutrino mass eigenstates. Why should the top quark Yukawa coupling and the third generation neutrino Yukawa coupling be comparable? We will here regard this as simply an ad hoc assumption of the model. However, it is worth noting than in certain GUT models (e.g. SO (10)), one obtains the tree-level prediction yt = YN at the GUT breaking scale, due to the fact that the top quark and the neutrino inhabit tl_e same fermion multiplet before symmetry breaking.
This relation is of course modified by loop effects in passing to lower energy scales. down to the electroweak scale, The choice of very small values mt A is just a numerical convenience; it corresponds to the freedom to pick the ratio of limits in (2, 9) , One can also pick a small value for bN(A) (or ht,(A) ), but the results turn out to be extremely insensitive to this, so we just take bN For small values of mneutrino, the effect of the neutrino should become negligible. As we take mneutrino to zero in Figs. 1-5 we indeed recover the results given by BHL, as expected.
A Model with Top Quark and Neutrino Condensates
On the other hand, if _'e assume that the neutrino Dirac m_s parameter is sufficiently large, the top quark mass can be made arbitrarily small. In particular, it is not difficult to malce mtop lie in the experimentally favored window. For our scheme to work, we need to assume that the two relevant Yukawa couplings should be roughly of the same order.
The prediction for the mass of the Higgs is evidently roughly insensitive to the value of mneugrino, and increases slowly as A decreases, 
3, Conclusion
We have shown that a right handed third generation neutrino can successfully conspire with the top quark to break the electroweak symmetry, without giving the t, op quark an unacceptably large mass. The essential point is that a large Yukawa coupling for the neutrino can have a dramatic effect on the IR quasi-fixed point (1.2), with the resulting neutrino Dirac mass being hidden by the see-saw mechanism. Two of the nice features of this are that the neutrino mass eigenstates can easily obtain the right sort of masses to explain the solar neutrino deficit using the MSW effect, and that it may be possible to take the scale A to be small enough to alleviate the usual fine-tuning problem. An outstanding weakness of ali models of this type is that so far they exist only as effective theories below the compositeness scale, It would be very interesting to understand how this type of mechanism could be realized as the low energy limit of some renormalizable theory. 
